Introduction
Pseudohalide ligands are a class of compounds that are able to simultaneously bind two or more metal ions leading to the formation of di-or poly-nuclear metal complexes of different nuclearity, clusters and coordination polymers (CPs) of different dimensionality (1D, 2D, 3D) and topology [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . However, the formation of these compounds depends largely on a number of factors which include which include electronic nature and oxidation state of metal ion, the nature of the coordinated ancillary co-ligand(s), its skeletal structure, and the steric hindrance imposed by the blocking coligand(s) surrounding the central metal ion [11, 12] . Steric effects caused by the coordinating blocking ligands in metal complexes have been reported to produce a dramatic effect on the structural and magnetic behavior of pseudohalide complexes [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [13] [14] [15] [16] but also in the biological catalytic reactions of the P-O bond in DNA and phosphodiester hydrolysis [17] [18] [19] [20] .
Thiocyanato complexes are considered as among the most studied systems in coordination chemistry due to the diverse bonding properties of NCS -ion as an ambidentate and bridging ligand that can bind two or more metal ions simultaneously as well as its ability to propagate magnetic interaction between the bridged paramagnetic metal ions. In general, several bonding modes were reported in bridging-thiocyanato-polynuclear and/or -polymeric metal complexes. These include the bonding modes μ1,3-NCS - [1, [5] [6] [7] 10 
catena-[Cu(NEt2Meen)(μ-NCS)(NCS)] (2), catena-[Cu(N,N,2,2-Me4pn)(μ-NCS)(NCS)] (3), the dimeric [Cu2(N,N`-isp2en)2(µ-NCS)2(NCS)2] (4) and the monomeric complex [Cu(N,N`-tBu2en)(NCS)2] (5)
. This should allow us to evaluate the role of steric effect imposed by the coordinated amine coligands in adapting a specific NCS-bonding mode and the selected dimensionality. The structures of the ligands used in this study together with other related compounds are illustrated in Scheme1. The Density Functional theory computations were performed in an attempt to account for the observed geometrical and dimensionality of 4 and 5 complexes. (N,N`-isp 2 en) (N,N`-t-Bu 2 en) (pn) (DACO) (N,N,2,2-Me 4 pn) Scheme 1. Structures of the ligands used in this study together with other related compounds which reflect the non-electrolytic behavior of the complexes [44] . The complexes were also characterized by IR, UVVis and by single crystal X-ray crystallography. Probably, it is interesting to mention that although the μ-1,3-and μ-1,1-boding modes are common in bridging-azido-metal(II) complexes [8, 9, 11, 12, [14] [15] [16] , the corresponding μ-1,1-bonding in the bridging-thiocyanato complexes is very rare [32] [33] [34] and in most cases alternating μ-1,3-bonding chains are observed [1] [2] [3] [4] [5] [6] [7] 17 ,21-31].
Results and Discussion

Synthetic Aspects
The isolated complexes: catena-[Cu(Me3en)(μ-NCS)(NCS)] (1), catena-[Cu(NEt2Meen)(μ-
NCS)(NCS)] (2), catena-[Cu(N,N,2,2-Me4pn)(μ-NCS)(NCS)
]
IR and UV-VIS Spectra of the Complexes
The IR asymmetric stretching frequencies of the thiocyanato-Cu(II) complexes under investigation and their corresponding UV-Vis spectra in acetonitrile solution are collected in Table   1 . It has been stated that the νas(C≡N) frequencies could be used as a criterion to differentiate between the terminally N-bonded thiocyanato anions which in most cases display a value below 2100 cm -1 , whereas in the corresponding S-bonded and/or µ-1,3-bridging thiocyanato anions, the stretching vibrations are observed above 2100 cm -1 [12, [28] [29] [30] [31] 42, 43, 45] . The IR spectra of complexes 1-4 display very strong band over the 2095-2131 cm -1 region due to the asymmetric stretching vibration,νas(C≡N) of the bridged-thiocyanato ligands. In addition, the same series of complexes as well as 5 showed a strong to medium intensity band of the region 2059-3086 cm -1 which can be attributed to the N-bonded terminal thiocyanate ligand(s). This data are fully consistent with N-bonded thiocyanate in all complexes and µ-1,3-bridging thiocyanate in complexes 1-4 which was also confirmed by X-ray (section 2.3).
Inspection of the acetonitrile solutions of the UV-Vis spectral data of the complexes 1-4 shown in Table 1 reveals the common spectral feature as they display a broad absorption band in the 615-656 nm region. This feature is consistent with five-coordinate Cu(II) complexes with square pyramidal geometry (SP) which may be associated with a low-energy shoulder at λ > 800 nm [28] [29] [30] [31] 42, 43, [45] [46] [47] [48] [49] [50] . The presence of a small intense band at 974 nm in complex 1 may reflect the increased distortion towards the trigonal bipyramidal geometry (TBP) [45] . Obviously, complex 4 does not belong to the observed geometry but instead it has one visible band at ~766 nm, resulting 
Description of the Structures
Perspective views together with the atom numbering scheme for the polymeric complexes 1 -3 are presented in Figures 1 -3 , respectively, and selected bond parameters are given in Tables S1 - We think it would be interesting to compare our structural results of compounds 1-5 with the literature data of Cu(II)-thiocyanato complexes which derived from related bidentate amines and these compounds together with ours are collected in Table 2 . 2 4; mono non-coord. 
The DFT Computational Results
DFT was used in order to garner insights into the aggregation properties of the various Cu complexes. In particular, we are interested in the intrinsic reasons for the ligand specific variations in adapting certain mono-or polynuclear chain size. Figure 6 shows the geometries and energetics associated with various oligomeric arrangements of 5 and 4. Figure 6 (a) shows the ground state minimum energy geometry of Cu(I), Cu(II) and Cu(III) oxidation states of monomeric 5; The N,N'-t-Bu2en ligand tends to form a mononuclear tetrahedral arrangement around the metal center which is in good agreement with the X-ray crystal structure results. The Cu(I) is the lowest energy charge of 5 is -1, which can be understood by considering that the entire complex is closed-shell when Cu is in the +1 oxidation state. Attempts were made to dimerizing 5 with overall charges of neutral, +1
and -1. Upon optimization, the neutral complex associates and forms a stable dimer, the +1 and -1 charged 5 dimers dissociate and form a monomer pair at an asymptotic separation. The neutral complex forms a stable dimer but it is at a higher energy state when compared the -1 complex of 5.
Thus, the Cu(I) complex 5 is the lowest energy oxidation state of the metal-center and yields a complex with an overall charge of -1; The -1 charge of 5 leads to prompt dissociation of a dimer upon geometry optimization -forming two monomers.
Analogous computations on 4 also returned Cu(I) as the lowest energy oxidation state of the metal-center. Attempts to dimerizing 4 were successful for the lowest energy triplet state of Cu(II) In comparing 5 with 4, we postulate that the bulky tert-butyl moiety in 5 shows an enhanced steric hindrance, thus inhibiting its ability to sustain a polymeric structure. The loss of two methyl groups in 5 leads to some reduction in such steric hindrance. As a result, 4 is able to sustain a dimeric crystal structure but unable to maintain a larger oligomeric arrangement since (en)2 remains a bulky group that introduced steric hindrances. With the available resources and large molecular sizes, complexes 1, 2 and 3 produced computationally challenging. However, using the available computational data for 5 and 4 we are able to postulate that similar steric arguments would hold in the cases of 1 -3 since the bulky N-alkyl substituents at the ethylenediamine coligand becomes progressively less favorable across this series. . .
Experimental Section
Materials and Physical Measurements
Syntheses of the complexes Catena-[Cu(Me3en)(μ-NCS)(NCS)] (1)
.
Catena-[Cu(Et2Meen)(μ-NCS)(NCS)] (2)
Catena-[Cu(N,N,2,2-Me4pn)(μ-NCS)(NCS)] (3)
. This complex was isolated as green single crystals and prepared using a similar procedure to that described for 2, except N,N,2,2- 
[Cu(N,N`-t-Bu2en)(NCS)2] (5)
. Green single crystals of X-ray quality were obtained from a methanolic solution using a procedure similar to that described for 2, with N,N`-di(tertbutyl)ethylenediamine (N,N`-t-Bu2en) was used instead of Et2Meen (yield: 71% 
X-ray crystal structure analysis and refinement
The X-ray single-crystal data of compounds 1-5 were collected on a Bruker-AXS APEX II CCD diffractometer at 100(2) K. The crystallographic data, conditions retained for the intensity data collection and some features of the structure refinements are listed in Tables 
The Computational Methodology
The ground state minimum energy geometry of the various structures was optimized with density functional theory (DFT), using the Becke-3 parameter-Lee-Yang-Parr (B3LYP) functional [71] 
Conclusions
Supplementary Material
Selected bond lengths (Å) and angles (°) for the compounds under investigation are given in Tables   S1-S5 and their Table S1 . Selected bond lengths (Å) and angles (°) for compound 1. Table S2 . Selected bond lengths (Å) and angles (°) for compound 2. Table S3 . Selected bond lengths (Å) and angles (°) for compound 3. Table S4 . Selected bond lengths (Å) and angles (°) for compound 4. Table S5 . Selected bond lengths (Å) and angles (°) for compound 5. 
